INTRODUCTION
As part of a general project on the biosynthesis of biotin, i.e. fundamental aspects (enzymology, genetics) as well as industrial microbiological production of biotin, we have investigated the second step of this metabolic pathway in Bacillus sphaericus: the transformation of pimeloyl-CoA into 8-amino-7-oxopelargonate (AOP) (Scheme 1) [1, 2] . This interesting reaction is catalysed by AOP synthase [6-carboxyhexanoyl-CoA: L-alanine carboxyhexanoyltransferase (decarboxylating); EC 2.3.1.47], which has been detected in the cell-free extract of different bacteria [3, 4] , and partially purified from B. sphaericus by Izumi and colleagues [5] . This enzyme belongs to the family of pyridoxal 5'-phosphatedependent enzymes that catalyse the condensation of an acyl-CoA with an amino acid leading to an a-amino ketone [5-aminolaevulinate synthase (EC 2.3.1.37), 2-amino-3-oxobutyrate: CoA ligase (EC 2.3.1.29) and serine palmitoyltransferase (EC 2.3.1.50)]. However, our knowledge of the mechanism of these enzymes is restricted to the pioneering work of Jordan and co-workers on 5-aminolaevulinate synthase [6] . Thus elucidation of the catalytic mechanism of the AOP synthase would be of value and interest and could contribute to the elaboration of specific inhibitors as potential antimicrobial agents. We report here the purification to homogeneity as well as initial characterization of the cloned AOP synthase from B. sphaericus, overproduced in Escherichia coli.
EXPERIMENTAL Materials
Phenyl-Sepharose CL-4B, DEAE-Sepharose CL-6B and Reactive Red 120-agarose 3000-CL were purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). Sephadex G-100 was from Pharmacia (Uppsala, Sweden). BSA (fraction V) was from Sigma Chemical Co. All microbiological reagents were from Difco Laboratories (Detroit, MI, U.S.A.). All chemicals were of the highest purity available and were purchased from Sigma Chemical Co., Prolabo (Paris, France) f.p.l.c column with a biphasic linear salt gradient (0 M-to 150 mMNaCl in 10 mM-Tris/HCl buffer, pH 7.5). Active fractions were pooled, concentrated (Amicon Centriprep 10) and dialysed against 20 mM-potassium phosphate buffer, pH 7.0, containing 5 mM-2-mercaptoethanol, 50 % (v/v) glycerol, 100 1tM-pyridoxal 5'-phosphate, 0.1 mM-EDTA and 100 mM-NaCl. The enzyme was kept at 0 'C.
Molecular-mass determination
The subunit molecular mass was determined by SDS/PAGE [12] [3] starting from pimeloyl chloride rather than from the polymeric anhydride of pimelic acid, the former being readily available, in contrast with the latter. Pimeloyl-CoA was routinely determined as its hydroxamate [8] . Standard calibrations were obtained with the synthetic hydroxamate of pimelic acid (e500 761 M-1 cm-', linear up to 1 mm). The synthesis of racemic AOP has already been described [13] , but we obtained this compound via a different route (O. Ploux & A. Marquet, unpublished work). For the determination of the AOP synthase activity we have modified the assay originally described by Izumi et al. [5] . The assay is based on the determination of the AOP formed over a 5 min period of time (rather than hours) in order to avoid enzyme inactivation. AOP was determined by using the S. cerevisiae microbiological agar diffusion assay. Different values for the bioactivity of AOP (in the yeast assay) have been reported in the literature [14, 15] , but we found that racemic AOP was as active as biotin in the concentration range we used (0.1-20 fM), in accordance with Eisenberg & Maseda [14] . This routine discontinuous assay for AOP synthase is quite sensitive, but the manual measurement of growth diameters limits its accuracy (5-10 %). Purification B. sphaericus AOP synthase was purified from an E. coli overproducing strain. Overproduction led to about 1 % of the soluble proteins in E. coli as the desired enzyme (calculated from the specific activities). Table I summarizes the four-step chromatographic procedure, which produced a 100-fold purification of the enzyme; 2 mg of pure enzyme was obtained starting from 11 g of E. coli cell paste. The specific activity obtained, 0.67 unit/mg of protein, is 3000 times higher than the specific activity reported by Izumi et al. [5] (0.2 x 10-3unit/mg), confirming the low purity of their preparation.
Proteinase inhibitors (phenylmethanesulphonyl fluoride, pepstatin A and EDTA) were only useful during the first stage of the purification. Although Izumi et al. [5] reported that 1 mM-diisopropyl phosphorofluoridate inhibited the AOP synthase, we (Fig. 1) . The pure enzyme was kept at 0°C (freezing-thawing cycles should be avoided since the enzyme tends to be precipitated during such treatments) for a few months without any loss of activity.
Molecular-mass analysis SDS/PAGE analysis of the purified enzyme showed a single band at 41 kDa in accordance with the molecular mass deduced from the bioF gene sequence [16] . On gel-permeation chromatography (Sephadex G-100) the native enzyme was eluted as a single peak at 46 kDA, suggesting a monomeric structure for the active AOP synthase.
Amino acid composition and isoelectric point N-Terminal sequencing (14 cycles) of the pure synthase gave the sequence, MNDRFRRELQVIEE, which was in accordance with the predicted sequence [16] . The amino acid composition was also consistent (within 10 %) with that predicted from the gene ( Table 2) . Isoelectrofocusing of the pure enzyme with a 5-7 pH gradient gave a band centred at pH 5.2 (results not shown).
Spectroscopic properties
The u.v.-visible spectrum of the AOP synthase is shown in Fig. 2 together with the spectrum of the apoenzyme collected after the dye ligand affinity step. This inactive apoenzyme (only if pyridoxal 5'-phosphate was omitted from the assay) did not show any characteristic absorbance. Activity and absorbance at 425 nm (attributed to the pyridoxal 5'-phosphate-enzyme imine) were recovered after dialysis in the presence of pyridoxal 5'-phosphate, confirming the absolute requirement for this cofactor.
Catalytic properties
As expected the purified holoenzyme was active even in the absence of pyridoxal 5'-phosphate. However, a 20% enhancement of the specific activity was observed when 20 /tM-pyridoxal 5'-phosphate was included in the assay; it did not increase further at higher concentration. Nevertheless a saturating concentration (100 /tM) was used throughout the purification and in the assays to prevent any dissociation of the cofactor from the enzyme. Steady-state kinetic parameters were determined by using the direct linear plot [17] . With a saturating concentration of pimeloyl-CoA (150 JcM) an apparent Km of 3 mm was found for L-alanine (concentration range 1-20 mM). For pimeloyl-CoA (concentration range 0.5-10 fM), in the presence of 50 mM-Lalanine, a low apparent Km of 1 ,UM was found. In this case, because of the large consumption of pimeloyl-CoA during the assay (20-30 %), we used the approximation proposed by Lee & Wilson [18] . In these conditions the turnover number is 0. 
